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PROCESS OF MAKING A WATER DISPERSIBLE TITANIUM 
DIOXIDE PIGMENT USEFUL IN PAPER LAMINATES 
CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application 
No. 60/437.142 filed on December 30, 2002 incorporated by reference 
herein in its entirety. 



Titanium dioxide pigments are used in many applications. One 
particular application demanding light fastness is the use in paper 
incorporated into paper laminates for decorative applications. 

In this application the titanium dioxide pigmented paper is saturated 
with a laminating resin and subjected to heat and pressure to produce a 
hard surface laminate in which oxygen Is absent. The titanium dioxide on 
exposure to UV light tends to gray as the concentration of Ti2+ ions are 
produced without the continual conversion by air oxidation of the ions back 
to the Tl 4+ state. 

Many techniques have been employed to make a light fast titanium 
dioxide pigment from the use of a calcination step In the pigment 
manufacture to the use of redox couples such as Ce2+/Ce4+ to keep the 
titanium Ion in the colorless 4+ oxidation state. But the use of such 
oxidation couples may lead to a yellowing of the titaniurn dioxide. 
Calcination on the other hand adds time and cost to pigment manufacture. 

In the present invention the objective was to find a noncolor 
producing method by which titanium dioxide pigment could be light 
stabilized. This was achieved by a process of precipitating a single layer 
coating of alumina phosphate on the surface of a titanium dioxide starting 
pigment. The product produced by the present process proved to be 
water dispersible and to exhibit a high retention in the paper making . 
process. 

Prior art methods of making a light fast titanium dioxide include U.S. 
Pat Nos. 5.976,237; 5.785 J48; 5.665,466; 4.400.365; and 3.853.575. 

U.S. Pat. No. 5,976,237 to Haiko et al. teaches a process for 
making durable pigments for plastics that may include a treatment step 
including a compound which is a source of P2O5. The HaIko process 
requires that the pigment surface is first treated with alumina and silica 
and optionally another oxide such as a source of P2O5. 
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U.S. Pat. No. 5,785.748 to Banford et al. teaches the use of a 
prepared reagent that is a mixture of an aluminum compound and 
phosphoric acid prepared under heating. The source of the aluminum 
compound must be one that will dissolve in phosphoric acid. The 
5 aluminum compound is dissolved and the solution is clear, the mixture is 
diluted and added to a slurry of the titanium dioxide starting pigment. The 
pH is then adjusted to about 3.5 to 5 to precipitate the treatment on the 
pigment surface. For improved light fastness, a compound believed to be 
an oxidizing agent, such as potassium iodate, copper sulfate or potassium 
10 nitrate, is added in the process. 

U.S. Pat. No. 5,665,466 to Guez et al. teaches a process for 
making a titanium dioxide of at least two layers. The first layer is an 
aluminum phosphate layer and the second is an aluminum oxide layer. 
The pigment is characterized by a positive zeta potential at high pH to 
15 ensure high physicochemical retention of the pigment in the paper. 

U.S. Pat. No. 4,400,365 to Haacke et al. teaches a combination of 
aluminum and zinc phosphates as a means to increase titanium dioxide 
lightfastness, and U.S. Pat. No. 4,052,224 teaches a treatment of using 
compounds of phosphorus, aluminum, zirconium, titanium and silica to 
20 increase light fastness. 

BRIEF SUMMARY OF THE INVENTION 
The present invention is a process for making a water dispersible 
titanium dioxide pigment comprising: 

(a) mixing dry titanium dioxide pigment with water to form a 
25 mixture having a pigment concentration of from about 14 to 40 weight 

percent based on the weight of the mixture then adjusting the pH of this 
mixture to about 7 with aqueous sodium hydroxide; 

(b) heating the mixture from step (a) to a temperature of 

about 40**C; 

30 (c) adding to the mixture from step (a) simultaneously 

and at a rate such that the pH of the resulting mixture is maintained 
at about 7 throughout this step (c) from about 0.15 to 0.65 moles of 
phosphoric acid per kilogram of dry pigment and at least a portion of 
sodium aluminate aqueous solution required to react with the phosphoric 
35 acid to form aluminum phosphate; 

(d) adding any remaining aqueous sodium aluminate solution 
required to react with unreacted phosphoric acid added in step (c) to 
complete the formation of aluminum phosphate simultaneously with a 

2 
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solution of hydrochloric acid wherein the rate of addition of aluminate 
solution and that of the acid solution is adjusted so that that the pH of the 
resulting mixture from and in this step (d) is maintained in a range from 5 
to 8; and 

5 (e) curing the mixture from step (d) for from about 1 0 to 30 

minutes. 

In step (c) of the present invention, the addition of aqueous sodium 
aluminate may be made so that the ratio of the moles of phosphorous 
added to the moles of aluminum added is from about 0.2 to 0.9; but it is 

.10 more preferred to make the addition in step (c) of aqueous sodium 

aluminate is made so that the ratio of the moles of phosphorous added to 
the moles of aluminum added is from about 0.25 to 0.6, and most 
preferred that the addition of aqueous sodium aluminate is made so that 
the ratio of the moles of phosphorous added to the moles of aluminum 

15 added is about 0.5. 

In the present invention, the amount of phosphoric acid added in 
step (c) may be from about 0.23 to 0.52 moles per kilogram of pigment; 
but is more preferred that the amount of phosphoric acid added in step (c) 
is about 0.40 moles per kilogram of pigment, and most preferred that the 

20 arnount of phosphoric acid added in step (c) is about 0.44. 
r ^ -The present process may be varied and achieve the sairie result if 
in place of step (c), (i) first adding the phosphoric acid solution to the l 
mixture from step (a) without the simultaneous addition of aqueous sodium 
aluminate, and then (ii) adding the solution of the sodium aluminate in an 

25 amount sufficient to raise the pH of the mixture from step (i) to a pH of 
about 7, 

More particularly, the present process produces a light fast titanium 
dioxide pigment consisting of titanium dioxide and a single layer of 
inorganic surface treatment consisting of aluminum phosphate wherein the 

30 pigment is characterized by an isoelectric point which is greater than pH 6 
and a negative zeta potential, for example, less than negative 20 mV, at a 
pH of 7.5 or more, from a rutile or anatase starting pigment particle. This 
pigment is characterized by an isoelectric ppint from about pH 5.4 to 6.7 
and a zeta potential at pH = 9.0 of jess than negative 40 mV. Typically, 

35 the zeta potential at pH = 9.0 is from negative 40 to negative 1 50. 

Preferably, the zeta potential at pH = 9.0 is from negative 40 to negative 
60. The starting pigment particles may be raw pigment, that is, a pigment 
particle has had no wet treatments applied to its surface before treatment 
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according to the present invention, or the starting pigment particles may 
have undergone wet treatment. It is preferred that the starting pigment 
particle be raw pigment. If the starting pigment particles have undergone 
wet treatment, the wet treatment will typically involve treatments to provide 
5 metal oxide coatings on the particle surfaces. Examples of metal oxide 
coatings include alumina, silica, and zirconia. Recycled pigment may also 
be used as the starting pigment particles, where recycled pigment is 
pigment after wet treatment of insufficient quality to be sold as coated 
pigment. The present invention also relates to a titanium dioxide pigment 

10 consisting of titanium dioxide and single layer of inorganic surface 
treatment consisting of aluminum phosphate wherein the pigment is 
characterized by an isoelectric point which is greater than pH 6 and a 
negative zeta potential of less than negative 20 mV at a pH of 7.5 or more 
made by a process comprising: 

1 5 (a) mixing dry titanium dioxide pigment with water to form a 

mixture having a pigment concentration of from about 14 to 40 weight 
percent based on the weight of the mixture then adjusting the pH of this 
mixture to about 7 with aqueous sodium hydroxide; 

(b) heating the mixture from step (a) to a temperature of 

20 about 40^C; 

(c) adding to the mixture from step (a) simultaneously and at 
a rate such that the pH of the resulting mixture is maintained at about 7 
throughout this step (c) from about 0.15 to 0.65 moles of phosphoric acid 
per kilogram of dry pigment and at least a portion of sodium aluminate 

25 aqueous solution required to react with the phosphoric acid to form 
aluminum phosphate; 

(d) adding any remaining aqueous sodium aluminate solution 
required to react with unreacted phosphoric acid added in step (c) to ^ 
complete the formation of aluminum phosphate simultaneously with a O 

30 solution of hydrochloric acid wherein the rate of addition of aluminate ^ 
solution and that of the acid solution is adjusted so that that the pH of the ifj 
resulting mixture from and in this step (d) is maintained in a range from 5 ^ 
to 8; and = 

(e) curing the mixture from step (d) for from about 10 ^ 
35 to 30 minutes. ^ 

In the present invention it is preferred that following step (e) the (Q 
mixture is filtered and the pigment recovered and washed and dried then CD 
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fluid energy milled, i.e.. micronized at a temperature of from 200°C and 
above. 

Pigment made according to the present invention is preferred for 
use in laminate papers and paper laminates. 
5 DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a titanium dioxide pigment for use in 
making paper laminates. Titanium dioxide pigment made according to the 
present invention forms a stable slurry of up to 80% by weight pigment 
through the use of pH adjustment alone without the addition of chemical 

10 dispersants, thus simplifying the slurry composition and reducing the cost 
of making the slurry. Typically, the slurries of the present invention will 
contain 30 to 80%. more preferably. 50 to 80%, and most preferably 70- 
80% by weight pigment Stable slurries of the pigment of the present 
invention require a pH of just slightly more than 7.0 and typically about 7.8 

1 5 for slurries having 80% by weight pigment. Pigment of the present 

invention is characterized by a large negative zeta potential at high pH. 
The pigment exhibits an isoelectric point less than about pH 6.2. 

in the process of making paper laminates, laminate papers are 
made which usually contain titanium dioxide as an agent to enhance paper 

20 opacity and brightness. The titanium dioxide is first blendeid with water 
and dispersants such as citric acid, Rohm and Haas's Tamol brand 

J dispersants or acidic dispersants to form a slurry. This slurry is then j; 
added to the furnace to be converted into paper. Pigment of the present 
invention may be loaded into the slurry at much higher concentrations than 

25 are currently available to paper makers. This is the case without incurring 
the cost or the need for adding a dispersant to the slurry. 

The pigment surface treatment of the present invention ranges in 
composition from about 2.0 - 4% by weight P reported as P2O5 and about 
4 to 6% by weight Al reported as AI2O3. More preferred is a composition 

30 from about 2.5 - 3.2% by weight P reported as P2O5 and about 4.6 - 5.4% 
by weight Al reported as AI2O3. The pigment of this invention has a 
negative zeta potential for example, less than negative 20 mV. at a pH of 
7.5 or more. This pigment is characterized by an isoelectric point from 
about pH 5.4 to 6.7 and a zeta potential at pH = 9.0 of less than negative 

35 40 mV. Typically, the zeta potential at pH = 9.0 is from negative 40 to 
negative 150. Preferably, the zeta potential at pH = 9.0 is from negative 
40 to negative 60. 
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Pigment according to the present invention may be made as 
follows: 

1 . Prepare a slurry of titanium dioxide in water by mixing 4 parts 
titanium dioxide by weight on a dry basis and adjust the pH of this slurry to 
5 7 using sodium hydroxide. The amount of water in the slurry is not critical 
so long as it is fluid enough to provide good mixing as the treatment 
agents are added. For example, in a chloride titanium dioxide 
manufacturing process, oxidation reactor discharge slurry may be used as 
the slurry for treatment. 

10 2. The additional materials required for the treatment are 2.05 parts 

of 85% by weight phosphoric acid. 6.66 parts of sodium aluminate solution 
at a concentration of 400g per liter, and hydrochloric acid at a 
concentration of from 10-40% percent by weight HCI. 
3. Heat the slurry from step 1 . to about 40°C. 

15 4. Simultaneously add the phosphoric acid and sodium aluminate 

solution at a rate to maintain the slurry pH at about 7 until all 2.05 parts of 
the phosphoric acid have been added to the slurry. 

5. Simultaneously add the remaining sodium aluminate solution 
(the remainder of 6.66 parts) and the hydrochloric acid at such rates that 

20 the pH of the slurry from step 4 is maintained at 7. Continue this addition 
until all 6.66 parts of the sodium aluminate has been added. 

6. Stir the mixture from step 5 for from 1 0 to 30 minutes. 

Step 4 above may be accomplished alternatively by first adding all 
the required phosphoric acid (in this case 2.05 parts) and then adding 

25 sodium aluminate solution until the pH of the mixture is raised to 7. Steps 
5 and 6 are carried out as described above. 

The pigment from this process is water dispersible requiring no 
addition other than pH adjustment in order to form stable slurries of up to 
80% solids and shows excellent light fastness as tested according to 

30 methods used in testing raw material used in laminate papers and in paper 
laminates. The method of making the laminate papers or paper laminates 
is not critical in the performance of the pigment of the present invention. 
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CLAIMS 

What Is Claimed Is : 

1 . A process for making a water dispersible titanium dioxide < 
pigment comprising: 

5 (a) mixing dry titanium dioxide pigment with water to form a 

mixture having a pigment concentration of from about 14 to 40 weight 
percent based on the weight of the mixture then adjusting the pH of this 
mixture to about 7 with aqueous sodium hydroxide; 

(b) heating the mixture from step (a) to a temperature of 

10 about 40^0; 

(c) adding to the mixture from step (a) simultaneously 

and at a rate such that the pH of the resulting mixture is maintained 
at about 7 throughout this step (c) from about 0. 1 5 to 0.65 moles of 
phosphoric acid per kilogram of dry pigment and at least a portion of 

1 5 sodium aluminate aqueous solution required to react with the phosphoric 
acid to form aluminum phosphate; 
.... (d) adding any remaining aqueous sodium aluminate solution 

required to react with unreacted phosphoric acid added in step (c) to 
complete the formation of aluminum phosphate simultaneously with a 

20 solution of hydrochloric acid wherein the rate of addition of aluminate 

solution and that of the acid solution is adjusted so that that the pH bf the 
resuiting mixture from and iri this step (d) is maintained in a range from 5 ; 
to 8; and. 

(e) curing the mixture from step (d) for from about 10 to 30 

25 minutes. 

2. The process of claim 1 wherein in step (c) the addition of 
aqueous sodium aluminate is made so that the ratio of the moles of 
phosphorous added to the moles of aluminum added is from about 0.2 to 
0.9. 

30 3. The process of claim 1 wherein in step (c) the addition of 

aqueous sodium aluminate is made so that the ratio of the moles of 
phosphorous added to the moles of aluminum added is from about 0.25 to 

.0.6.; ^ . ^ ^. ........ : 

4. The process of claim 1 wherein in step (c) the addition of 
35 aqueousf sodium aluminate is made so that the ratio of the moles of 
phosphorous added to the moles of aluminum added is about 0,5. 
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5. The process of claim 1 wherein the amount of phosphoric acid 
added in step (c) is from about 0.23 to 0.52 moles per kilogram of pigment. 

6. The process of claim 1 wherein the amount of phosphoric acid 
added in step (c) is about 0.40 moles per kilogram of pigment. 

5 7. The process of claim 1 wherein the amount of phosphoric acid 

added in step (c) is about 0.44. 

8. The process according to claim 1 wherein in place of step (c), (i) 
first adding the phosphoric acid solution to the mixture from step (a) 
without the simultaneous addition of aqueous sodium aluminate, and then 

10 (ii) adding the solution of the sodium aluminate in an amount sufficient to 
raise the pH of the mixture from step (i) to a pH of about 7. 

9. A light fast titanium dioxide pigment consisting of titanium 
dioxide and single layer of inorganic surface treatment consisting of 
aluminum phosphate wherein the pigment is characterized by and 

15 isoelectric point which is greater than pH 6 and a negative zeta potential of 
less than negative 20 at a pH of 7.5 or more. 

10. A titanium dioxide pigment having consisting of titanium dioxide 
and single layer of inorganic surface treatment consisting of aluminum 
phosphate wherein the pigment is characterized by an isoelectric point 

20 which is greater than pH 6 and a negative zeta potential of less than 
negative 20 at a pH of 7.5 or more made by a process comprising: 

(a) mixing dry titanium dioxide pigment with water to form a 
mixture having a pigment concentration of from about 14 to 40 weight 
percent based on the weight of the mixture then adjusting the pH of this 

25 mixture to about 7 with aqueous sodium hydroxide; 

(b) heating the mixture from step (a) to a temperature of 

about 40^C; 

(c) adding to the mixture from step (a) simultaneously and at 
a rate such that the pH of the resulting mixture is maintained at about 7 

30 throughout this step (c) from about 0.1 5 to 0.65 moles of phosphoric acid 
per kilogram of dry pigment and at least a portion of sodium aluminate 
aqueous solution required to react with the phosphoric acid to form 
aluminum phosphate; 

(d) adding any remaining aqueous sodium aluminate solution 
35 required to react with unreacted phosphoric acid added in step (c) to 

complete the formation of aluminum phosphate simultaneously with a 
solution of hydrochloric acid wherein the rate of addition of aluminate 
solution and that of the acid solution is adjusted so that that the pH of the 
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resulting mixture from and in this step (d) is maintained in a range from 5 
to 8; and 

(e) curing tiie mixture from step (d) for from about 10 to- 30 

minutes. 

5 11. The pigment of claim 1 0 wherein the dry titanium dioxide in 

. step (a) is rutile. 

12. The process of claim 1 or wherein following step (e) the mixture 
is filtered and the pigment recovered and washed and dried then 
micron ized at a temperature of from 200 to 420*^0. 
10 13. A laminate paper containing titanium dioxide pigment of claim 

titanium dioxide pigment made according to claim 1 . 

14. A paper laminate comprising paper pulp and a titanium dioxide 
pigment made according to the process of claim 1 . 
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